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Abstract

The transport of larval yellow perch (Perca flavescens) in Lake Michipan is studied
with & 3D parlicle trajectory model. The model uses 3D currents gencrated by the
Great Lakes version of the Pnnceton Ocean Model driven by observed inomentum
and heat fluxes in June-August 1998, 1999 and 2000. Virtual larvae were released in
the nearshore region with the most abundant preferred substrate for yellow perch
spawning, rocks. We also investigated the potential for physical transport
mechanisms to affect recruitment of Lake Michigan yecllow perch by coupling
hydrodynamic models with individual-based particle models of fish larvae to shady
variation in larval distributions, growth rates, and potential recruitment. Earval
prowth rates were simulated using a bioenergetics growth mudel with fixed
consumption rates. Results indicate that lake circulation patlemns are critical for
understanding nterannual variubility in Great Lakes fish reernitment.
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significant difference in movement of particles released near the surface and ones that
were released closer to the bottom. Thus, we focused on surface currents and not
depth-averaged currents. Overall, particle movement matches the monthly mean
surface current pattern rather well: particles inilially move offshote and then continue
to circulate in southern Lake Michigan in an anticyclonic fashion. Under certain
conditions (like a case of a particularly strong northward coastal current in August
1998} a significant number of particles escape the southern basin and penetrate the
northemn basin of Lake Michigan. The proximity of particles to shore at the end of
the model run in August can also be critical for larval survival. Larvae about this
time begin to metamorphose into their adult characteristics and move into adult
habitat, which is near botiom and near shore. As model results show, in 1998 the
number of particles reaching nearshore waters in August was significantty higher than
in 1999 and 2000 which may provide a significant advantage for surival.

Biology

Biological model runs also began in June of each year. The hydrodynamic model
supplies information on the three-dimensional temperature field along the larval path
predicted by the particle trajectory model. Another critical parameter for larval
devetopment is food availability (primarily zooplankten). Unfortunately, there is
very little information available on the spatial distribution of zooplankton in south
Lake Michigan in summer. Therefore, in all biological model runs we assumed that
there is no spatial gradient in food (zooplankion) available for larval yellow perch,

All larvae were assumed to have initial length of 6 mm at hatching. Movement and
growlh of larvae in the model were followed from hatching to 30 mun, the length at
which they settle and become demersal; larvae metamorphose into juveniles at 20
mm, and by 30 mun take on the characteristics of adult fish. Growth rates and time to
settlement were predicted assuming two different food availability scenarios. This
was done by multiplying maximum consumption by 1.0 (Scenario 1} and 0.5
(Scenario 2). Locations of larvae which reached 30 mm length under the maximum
consumption conditions {Scenario I) are shown in Figure 5. No larvae reached 30
mm before the end of the first month except a small number in 1999. On the
contrary, all larvae reached 30 mm by the end of the second month and therefore July
and August locations match exactly those of Figure 4. In case of the reduced
consumption scenario 2 (more typical of realistic Lake Michigan conditions) the
siruation changes dramatically. As expected, no larvae reached 30 mm by the end of
June but by the end of July only a few larvae reached 30 mm in 2000 while in 1998
and 1999 more than 60 % of larvae grew to their settlement length (Figure 6). This is
undoubtedly the result of much cooler water temperatures in 2000 predicted by the
hydrodynamic model and confirmed by surface temperature observations at the
NDBC buoy 45007,
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Discussion and conclusions

This is the first physicai-biological model of larval fish developed for the Great
Lakes. The model shows significant interannual variability in paricle transport
during three years of study with implications for larval yellow perch growth and
seitlement. Currently, we have not included mortality and zooplankton fields (larvat
fish food) in our model. Future efforis will focus on these areas. Yet another issue to
resolve is the assumption that fish iarvae are passive particles; larval fish swimming
ability increases with size, and swimming competence along with other behavioral
patterns that can influence their horizontal and vertical distributions but are not
captured in our model. Despite these apparent shoricomings, our modeling approach
is consistent with many recent observations in Lake Michigan.

The hydredynamic dispersal of young yellow perch provides a mecchanism for the
genetic homogeneity of the Lake Michigan yellow perch population. Miller (2003)
reported that collections from southem basin collection sites in Michigan, Wisconsin,
and Indiana were homogenous and not much different fom those from Lake
Michigan’s northem basin. They were distinct from populations from Green Bay and
inland lakes. The distinctiveness relative to Green Bay is likely due to a spawning
period that occurs approximately one month carlier in Green Bay, and due to limited
water exchange between Green Bay and Lake Michigan,

The timing for yellow perch to become demersal may be delayed for yellow perch in
Lake Michigan. Whiteside et al. (1985} found that yellow perch from Lake Itasca,
Minnesota, became demersal at about 25 mm total length. A similar length, 30 mm,
was reported for Lake St George, Ontario (Post and McQueen 1988) and Lake Erie
{Wu and Cuiver 1992). In contrast, trawling and seiming records for Michigan (D.
Jude, University of Michigan, Pers. Comm.}, Illinois (J. Detimers, Illinois Natural
History Survey, Pers. Comm.}, and Wisconsin (P. Hirethota, Wisconsin Department
of Natural Resources, Pers. Comm.) indicate that demersal yellow perch smailer than
about 40 mm are rare and most fish are 50 mm or more. Moreover, prefiminary
pelagic trawling has collected yellow perch from about 20 to 35 mm in late July and
as large as 70 mm in mid-September, More detailed sampling and estimates of larval
age and growth obtained from otolith increment analysis will be needed to determine
how leng perch remain pelagic in Lake Michigan. Assuming that the pelagic stage of
perch is extended, it remains 1o be determined whether this will result in increased
morality.

It appears that the hydrodynamic conditions may produce a “source and sink”
recruitment dynamic. The rtocky habitat, preferred for spawming (Dorr 1982,
Robillard and Marsden 2001) and presumably for feeding (Wells 1977, 1980, Jansscn
et al. in press, Janssen and Lugbke in press) is primarily on the western side of [.akc
Michigan, and is perhaps most extensive in [llinois (Powers and Roberison 1968,
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Fucciolo 1993, Janssen et al. in press}). The present modeling effort sugpests that
larvae originating from this prefcrred habitat would be mostly transported to the
sandier and generally unconsolidated substrate along the eastern side of Lake
Michigan. Much of the habitat along eastem Lake Michigan is now depauperate of
potential forage for newly settled juvenile perch (Nalepa et al. 1998), which may
impact survival in later life stages. .

Our modeling effort represents a first step in inteprating lake physics for
understanding fish recruitment in the Great Lakes. Moreover, the modeling exereises
presented here have shed light on how lake physics may modify and impact larval
fish growth and survival in Lake Michigan. In addition, it has also expused new
questions in understanding the behavior (as driven movement) and ecology (size at
which fish go demersal) of larval yellow perch, which may differ from other inland
lakes.
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Figure 6. Larval fransport and growth, Scenario 2
{see explanation in text). 'Total number of larvae reached
30 mm also shown.





